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Larval and adult antarctic krill,
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During the winter of 1986, we maintained populations of
adult and larval krill, Euphausia superba, in tanks of seawater at
ambient temperature, food concentration, and photoperiod in
the aquarium room at Palmer Station. We examined the popula-
tions of larval krill at intervals to describe the development of
different furcilia stages under winter conditions. We also ob-
served both the reproductive status and behavioral charac-
teristics of adult krill after 8 months in known fall, winter, and
spring conditions. Other investigators have maintained larval
and adult krill in the laboratory for long periods, but usually in
an environment of constant temperature and high food con-
centration (Ikeda 1984; Marschall, personal communication).
Our objective was to examine development and maturation of
the antarctic krill in conditions like those found in the winter in
the antarctic Peninsula.

Larval development. Late furcilia stage larvae of Euphausia so-
perba were collected from the Gerlache Strait on a cruise on the p1
V Polar Duke in early April 1986. These larvae were sorted to
stage (Fraser 1936). About 500 larvae of the same stage were
placed together in shallow trays of flowing, unfiltered seawater
from Arthur Harbor. The four populations monitored were
initially furcilia 3, furcilia 4, furcilia 5, or furcilia 6 stage larvae.
The temperature was measured daily, and the chlorophyll a
concentration determined three times a week in each tray. The
stage composition of 10 individuals from each population was
determined every 2 weeks for the first 4 months, and of 15
individuals for the last 4 months of the experiment.

The temperature decreased rapidly from about 1.5°C in early
April to - 1.5°C in early July, remaining constant until late
August. In late August temperatures began to increase slowly,
reaching - 1°C in early November, then increased rapidly to
0.5°C in mid-December (figure 1). Chlorophyll a concentrations
were already low at the beginning of the experiment and re-
mained between 0.1 and 0.2 micrograms of chlorophyll a per
liter from late May until mid-September. Concentrations in the
spring were slightly higher, between 0.2 and 0.7 micrograms of
chlorophyll a per liter, but the spring bloom did not begin until
mid-December when the ice melted in Arthur Harbor. Peak

concentrations of over 35 micrograms of chlorophyll a per liter
were found in early January (figure 1).

Development of the larvae reflected these changes in en-
vironmental conditions. In the youngest population, develop-
ment continued slowly during the fall while the temperature
was still decreasing, despite the low food concentrations. The
durations of the late furcilia stages (furcilia 4, 19.5 days; furcilia
5, 33 days) were much longer in the fall than those of furcilia
kept at high food concentrations in the laboratory (Ikeda 1984)
or of calyptopis 3 larvae in the summer in the field (Brinton,
Huntley, and Townsend, 1986). During July and August, the
stage composition of these larvae remained constant, with most
of the larvae at furcilia 6. Both temperature and food con-
centration increased slightly in September, and the stage com-
position began to change slowly (figure 1). The pattern of de-
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Figure 1. Average temperature ([1) and food concentration (• ) of the
four trays, and stage composition of the youngest population of
larval Euphausia superba kept in flow-through trays at Palmer Sta-
tion during the fall, winter, and spring of 1986. The percentage of the
population in the most advanced stage is plotted against day; 1 April
is day 1. The last sampling day for this population was 22 October.
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velopment was similar in the other trays (figure 2). Develop-
ment continued until late June, then stopped until mid-
September. None of the populations was able to complete de-
velopment to 100 percent juvenile before late June, even the
group that was 100 percent furcilia 6 in mid-April. All four larval
populations wintered-over as a mixture of furcilia 5 and 6 stage
larvae and juveniles, with the majority at furcilia 6.

Under winter conditions such as those found in Arthur Har-
bor in 1986, most larvae of Euphausia superha spent the winter in
the last furcilia stage, and became juveniles in the late spring.
The period when development ceased was closely correlated
with the lowest temperatures and food concentrations of the
winter, less than - 1.3°C and 0.2 micrograms chlorophyll a per
liter.

Reproductive status and behavior. Adult Euphausia superba col-
lected from the Gerlache Strait in early April were kept in tanks
(1.52 meters in diameter) of flowing seawater at ambient tem-
perature, photoperiod, and food concentration. The adult
females in these tanks matured and became gravid later than
females in the field. We found spawning females in the south-
ern Bransfield Strait and Gerlache Strait in mid-December, but
those in the tanks at Palmer Station did not release eggs until
mid-January. This delay in maturation may be due to food
limitation caused by differences in timing of the disappearance
of ice cover and thus the spring bloom in the two areas. Females
from these tanks released viable embryos indicating that mating
had taken place in the tanks.

In these tanks we observed single males following gravid
females. The male would intersect a track recently followed by a
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Figure 2. Stage composition of three of the populations of larval
Euphausia superba kept in flow-through trays at Palmer Station
during the fall, winter, and spring of 1986, from 1 April to 20 January.
The percentage of the population in the most advanced stage is
plotted for the populations that were initially furcilia 3 (LII ), furcilia 5
(•) and furcilia 6 (•) stage larvae.

Figure 3. Diagram of the relative positions of the male (on the bot-
tom) and female adult Euphausia superba during the chase and
contact sequence of mating behaviors.

female, turn sharply, and double back on the track. He would
chase and often physically contact the female. The chase dura-
tions were about 5 seconds, and the contact or close times 10-30
seconds. Occasionally the male would just touch the female and
leave. The contact point was the ventral surface of the female
just behind the thelycum and the head of the male near the base
of the antennae (figure 3). This perception of an apparent chem-
ical trail occurred within 8-10 centimeters of the female in the
tank, but may occur over greater distances in the field where the
flow field is probably less turbulent. Although we never saw a
male transfer a spermatophore to a female, we did see mature
males chasing gravid females, never the reverse or two individ-
uals of the same sex. We believe that this sequence of behaviors
is part of mating. We know that adult Euphausia superba use their
chemosensory behavior in feeding (Hamner et al. 1983); this
chase and contact sequence demonstrates that this chemosen-
sory ability is also used in reproduction.

This work was supported by National Science Foundation
grant DPP 85-18872 to R.M. Ross and L.B. Quetin.
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